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ABSTRACT

A prototype airship static heaviness indicator has been devaloped,
Resistance wire strain gages affixed to the trunnion of the type
9060A landing gear measure the vertical shear loads due to static
heaviness., The strain gace bridge sutpul is read directly in
terms of pounds of static heaviness on a2 nmull-balancine type of
indicator., The desizn and operating characteristics of the equip-
ment are deseribed., The squipment has been forwarded to the Chief
of Naval Airshtip Training and Txperimentation, Lakechurst, New
Jarsey, for evaluation and service uss,
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1, AUTHCRIZATION

The development of an airship static heavinass imicator was cuhorized
by BIAER 1tr Aer-DW-221 ZPK 3101 of 8 Jan 1952. The design, fabrica-
tion, instalmtion, and test of the eguipment herein described were
conducted from 1 Novembar 1953 to 20 May 1954.

‘

2. L : OBRJHCT

To deveiop a means of providing a dirset visual reading of the static
heaviness of an airship,

3. INTRODUCTION

The present method for obtaining the static heaviness of an airahip is
time-consuming arsd labarious. It is based oo the remcyal or addition
of weights manually to determine the equilibrium condition of the air-
ship. The usefwl load of personnel, equipmert, food, and fuel is then
put on board and an estimate ot the static Feanmss is made which may
be as much as ten percent inaccurate, A system for remote indication
of the static heaviness of an airship wvhich could instantanecusly give
more accurate readines in pounds would make possible considerable sav-
ings in time and man-power. A resistancs wire strain gage brid ge,
permanentiy installed to measure vertical shear loads in the trunnion
of the type 9060A landing gear manufactured by Clevelard Pneumatic Tool
Company, 18 highly responsive to the static heaviness of the airship.
its output can be indicated at a remote location,vrovidins a straight-
forward method of cbtaining a direct reading of static heaviness,

-—

I o X DISCRIPTION

The system for providing a visual reading of static heaviness consists

of a load-sensitive strain gage bridge on the irunnion of the type 9060A
landing gear and a Baldwin Southvark type K SR-4 strain indicator modi-
fied to rive direct readings of static heaviness from zero to 4,000
pounds. The strain gage bridge measures vertical shear load and con-
sists of eight SR-4,type AD-7 resistance wire strain gages in a four-
active-arm bridee. Ths completed and waterproofwvd lnstallation of the
gages on the trunnion is pictured in plate 1, The modified indicator
contains balancing and calibrating units in additiem to 2 self-contained,
battery-operated power supply. The indicailvy employs a null-baliancing
circuit in which motion of a calibrated slide wire varies a bucking
voltage to the output of the strain rage bridge. The dif ference between
bridge and bucking voltapges is amplified and indicated on an output meter
vhich provides a very sensitive balance indication, indspendsnt of battery
voltages znd tube characteristics, Readings are taken when the output
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L. ; . DESCRIPTION (Cont inued)

meter indicates zaro. Plate 2 ie the front view of the static heaviness
indicator, Plate 3 shovs the modifications in the indicator circuit

whigh provide fer direct readiiws of static heavinaess, A drawing of the
Baldwin Scuthwark type K SR-4 strain indicator is reproduced in plate 5.
A four-conductor shielded cable to connect the strain zage bridge to the
indicator is drawn uwp from the landing gear into the car of the airship.

Before using the equipment , the condition of the batteries should be
checked by setting the svitch first on "A" and then on "B" and noting
on the meter dial vhether in each zase the pointer is beyond the red
range., If not, the batteries should be replaced by removing the cover
from the bottom of the indicator case., Turn the power switch to "ON"
and allow ten seconds for the warm-up of the tubes, At this point the
zero setting should be chnnked. Turn the “STATIC HEAVINESS - POUNDS"
irdicator knob to read zero, With ne load on tiis landing strut, i.e.,
the airship floating with the landing gear off the ground, note the
reading on the upper meter, If it is not zero, loosen the "BALANCING"
potentionmeter lock-nut to permit the shaft to be turned by a serew
driver, Rotate the shaft to give a zero reading on the meter and then
lock the potentiometer in this position, The airship may now be loaded
for take-off. As this is being done, the null-balanciny pointer may be
kept near zero by rotating the slide wire kncb., When the airship is
fully loaded, the null-balancing pointer is szt exactly at zero by means

of the knob, The. static heaviness can then be read directly fmxn the
lowar indicator.

The zero setting of the ecuipment should be checked prior to at least
each of the first twenty tike—offe. If no ehifi ic nerceptihle the
zero determination nend not be repeated as frequently. However, it
should be checked after any unusually hard landing or other event
which could disturb the bridge balance. Perhaps the most convenient

time to do this is in flight when there is no vertical load on the
landing gear.

The sguipment should lLe re-calibrzted about every two veeks, Using
known weighis or a scale under the landing gear, the indicator may be
checked at a number of points wp to 4,000 pounds heaviness, First

check the zero setting, then load the airship and set the indicator to
the applied weight. If the null-balancing meter pcinter is not at zero,
loosen the "CALIBRATING" potentiometer lock-nut and adjust until- pointer
is at zero. The shaft is then locked into position.
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5 METHOD

a. Preliminary Calibrations

In the course of the development, it was found necessary to
instrument two landi ng gears of the type 9°6CA. The first was instru-
mented while installed on the ZP2K-58 airship at the Naval Air Station,
Lakéhurst, New Jersey., A simple four-strain-gage, four-active-arm
bending bridge was affixed to the trumion, When unsatisfactory cali-
brations were obtaimed with this ifastrumentsiion, a more coimpler elghi-
gane, four-sctive-urm shear bridge was designcd tec reduce the large
errors previocusly obtzined. This strain gage bridge was installed on
the second landing gear ¢t the Naval Air Experimental Stztion. A load-
ing jig and a loadometer, whose error wig less than .5 percent of the full
scale of L4 ,000-pounds static heaviness, were used to calibrate the land-
ing gear, The weight indications wereread ‘on the modified SR-4 indicator,.
Calibrations of a four-gage bridge similar to the original bending bridge
were obtained in addition to the calibration of the eight-gage bridge,

The calibretions were compared,

b. Field Calibration

After the calibrations on the loading iig, the landine gear was
irstalled on the ZF<K-08 airship for the field evaluation tests, The
tests were conducted in the hungar, The loadometer which had been used
in the laboratory calibrations was piaced under the landing wheel of the
eirship to give indications of ststic heaviness, A calibration was run,
Cn the succeeding dasy the zero shift was checked and another calibration
wes made,

h. RISUL IS

A )
a, Preliminary Calitraticns

The unsatisfectory celibreticns at the Neval Air Station, Lake-
hurst, New Jersey, asing the simnle four-guye bending bridge were due to
a shifting of the point of load zpplicuticn on the landing strut trunnion,
The errors were large and unpreuaictable, und tapping of the lznding gear
mounts produced significent changes in the reuding. In the laboratory
calibrations, wherc the shifting point of load application was roughly
simuleted, the results using the eight-gage shear bridge were greatly
improved cover those cvtiined with the feur-guge oridge, The errcrs were
reduced to withinaepercent of full scele of 4,000 pounds;and tspping
causea almost ne change in the readings.

’
b. Field Calibretions

The csalibretion curve is given in plate 4, Differences between
static hesviness indicstion and lozdometer readings did not exceed 1QC
pounds or 2.5 percent of full scale, There #zs no percertible zero shift
at the start of the secons lay's calibration.
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»

2, CONCLUSIONS

a. The static heaviness irdicator provides a direct visusl reading
of the stutic heaviness of an airship.

1 It 2o ce;:_:‘t :

~eo

nt Lf =] 3 T S &
1] r 11 condit
full scale under the still air ccnditicn

g RECOMMENDATIONS

e

It is recommended that the ejuirment be evalusted for service use by
the Chief of Naval Airship Training amd Experimemntstion, Lakehurst, New
Jersey, including tests’ under 'various wird corditions while the airxhip
is masted outdoors,
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